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ABSTRACT
The magnitude of sheet-rill erosion associated with various land-
scape manipulations is presented. The Universal Soil Loss Equation's
usefulness for predicting annual sheet-rill erosion within interior
Alaska is confirmed. Investigations of sheet-rill erosion indicate that
removing the trees from forested areas with only minor ground cover
disturbance did not increase erosion. Removing the ground cover,
however, increased erosion 18 times above that on forested areas.
Erosion is substantially reduced when disturbed areas are covered with
straw mulch and fertilizer. Comparison of the actual erosion and the
quantity of erosion predicted with the Universal Soil Loss Equation
indicates that the equation overestimates annual erosion by an average
of 21 percent. It overestimates individual storm erosion by an average
of 174 percent. Data are also presented concerning sheet-rill erosion
in a permafrost trail, distribution of the rainfall erosion index, and
suggested cover and management factor values.
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CHAPTER 1: INTRODUCTION
1.1 Background
Since soil erosion has been labeled the nation's largest pollutant
of surface waters (Meyer, 1971) and sediment from lo99in9 roads is
considered the number one water quality problem in the Northwest, it is
imperative that the magnitude and mechanics of surface erosion begin to
be studied in interior Alaska. Although timber harvesting has taken
place in the Tanana and upper Yukon River valleys for more than 50
years, little is known about the effects of logging on the water quality
of this region. Historically, forest utilization has been relatively
slow due to climatic and transportation difficulties, and a relatively
low demand for forest products. With the settlement of the Alaska
Native Claims Act, however, more land will be placed into private owner-
ship and much of the resources are likely to be harvested for export.
It has been projected that the Fairbanks North Star Borough will increase
in population from 63,300 in 1976 to 75,000 in 1985. Increased demands
for forest products and recreation are likely to have adverse effects on
water quality, unless the potential magnitude and physical processes of
surface erosion are understood sUfficiently well for proper land manage-
ment.
While considerable time and expense have been devoted to developing
timber harvesting and construction techniques specific to subarctic
conditions, most of the erosion control programs have been borrowed from
the contiguous United States with little consideration for conditions
within interior Alaska. The current interest shown by the state of
\
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Alaska in nonpoint source water pollution (Alaska Department of Envi-
ronmental Conservation, 1977) is no different. Neither the need for nor
the adaptability of these programs to subarctic conditions has been
systematically studied.
1.2 Objective
The objective of this study is to investigate the magnitude of
sheet-rill erosion following timber harvesting activities within inte-
rior Alaska, and to test a method of predicting sheet-rill erosion that
might prove useful to future erosion control programs.
1.3 Method of Approach
In order to satisfy the objectives of this study, it is necessary
to review the basic principles of soil erosion and to initiate col-
lection of soil erosion data within interior Alaska. Although the
process of soil erosion is only incompletely understood, the more appar-
ent factors influencing erosion are presented. The Universal Soil Loss
Equation, used for predicting sheet-rill erosion, is discussed in
detail. A description of the research site and the methods used for
data collection are also included. From plot studies, conducted by the
authors during the summers of 1977 and 1978, basic soil erosion data
were collected and are presented. An analysis of the data is included,
along with an analysis of the Universal Soil Loss Equation for pre-
dieting sheet-rill erosion within the Interior. It is shown, quantit-
atively, that timber harvesting within interior Alaska can significantly
2
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increase erosion and that the Universal Soil Loss Equation is suitable
for predicting sheet-rill erosion within the Interior. Finally, the
need for future research is discussed.
CHAPTER 2: THE MECHANICS OF SOIL EROSION
2.1 Types of Soil Erosion
Soil erosion, as used in this report, will be defined as the detach-
ment and transport of soil particles entrained by water (Heinemann and
Piest, 1975). Sources of eroded soil may be classified according to the
dominant type of erosion: sheet, rill, gully, stream channel, flood-
plain, or mass erosion (Foster and Meyer, 1977). Sheet erosion is the
removal of a relatively thin uniform layer of soil particles from the
soil surface, while rill erosion consists of erosion in numerous small
channels resulting from overland flow. Gully, stream channel, and
floodplain erosion all represent channel-type erosion and result from a
concentrated flow of water. Mass wasting, including soil slippage and
soil creep, is a special case of erosion and normally occurs only on
steep slopes.
This report focuses primarily on sheet and rill erosion. Sheet-
rill erosion becomes apparent to the eye at an erosion rate of 13 to 15
tons per acre per year (Kimberlin and Moldenhauer, 1977), while the
geologic erosion rate for vegetated areas is commonly less than 0.3 tons
per acre per year (Piest, 1970).
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2.2 Factors Affecting Sheet-Rill Erosion
Since 1930, controlled studies on field plots and small watersheds
have provided considerable information regarding the complex inter-
relationships of soil erosion. In general, it has been shown that
erosion rates vary with hydrology, soils, topography, and land use.
2.2.1 Hydrology
The effects of rainfall and runoff on the soil erosion process may
be described by four subprocesses: (1) detachment by rainfall, (2)
transport by rainfall, (3) detachment by runoff, and (4) transport by
runoff. Thus, the sediment load at a particular location along a slope
is limited by one of two factors: (1) the amount of detached soil
available for transport by runoff and rainfall, or (2) the combined
transport capacity of the runoff and rainfall (Foster and Wischmeier,
1974).
Individual raindrops strike the soil surface at velocities up to 30
feet per second. This creates intense hydrodynamic forces at the point
of impact (Mutchler and Young, 1975), and breaks down the soil aggre-
gates. The extent to which the aggregates are broken down, the number
of particles separated, and the distance the particles are transported
are all functions of raindrop energy (Ellison, 1945). Although some net
movement downslope occurs, the amount of detached soil transported by
rainfall is small compared to that transported by runoff (Meyer et al.,
1975). However, much of the soil available for transport by runoff is
detached by rainfall (Meyer, 1971).
4
Detachment by runoff occurs primarily on that small portion of the
land surface where the flow concentrates and the critical tractive
force, for the existing soil conditions, is exceeded (Meyer et al.,
1976). Sediment is deposited when the sediment load exceeds the flow's
total transport capacity. Most of the sediment from sheet-rill erosion
is transported downslope by runoff in rills (Foster and Meyer, 1977).
2.2.2 Soil
It has long been recognized that soils vary in their individual
susceptibility to soil erosion. Numerous soil properties affect a
soil's inherent erodibility and the individual effects of these proper-
ties are often undiscernable.
Soils that are high in silt, low in clay, and low in organic matter
are generally the most easily eroded (Wischmeier and Meyer, 1973; Young,
1975). This is because silt-size particles are the most easily detached
by water (Wischmeier and Meyer, 1973) and the soil pores are easily
plugged, thus decreasing infiltration and increasing runoff. Further-
more, eroding soil particles classified as very fine sand behave more
like silt than sand (Wischmeier and Meyer, 1973). Soils, therefore,
become less erodible as the percentage of silt plus very fine sand
decreases, regardless of whether the increase is in particles larger
than very fine sand or smaller than silt.
The effect of soil organic matter on soil erodibility is less
completely understood than the effect of grain size. Wischmeier and
Meyer (1973) reported that the organic content of a soil is inversely
proportional to the amount of sediment eroded, and is directly pro-
5
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portional to both the amount of rain needed to initiate runoff and to
the saturated permeability. The ability of organic matter to decrease
erosion was reported to be strongest for silts, silt loams, and sandy
soils, decreasing significantly as clay content increases. While these
results are generally accepted, it should be noted that the results of
Meeuwig (1971) are in direct conflict with the results obtained by
Wischmeier and Meyer (1973). Meeuwig (1971) found that the least erodible
soils have: (1) high clay, low sand, and high organic content; (2) low
clay, high sand, and low organic content; or (3) low sand regardless of
organic content. Thus, it appears that other soil parameters may be
capable of influencing the relationship between soil organic content and
soil erosion.
Other factors known to affect the inherent erodibility of a soil
include: pH, structure, bulk density, pore space filled by air, aggre-
gation, parent material, permanent wilting point, sodium adsorption
ratio, iron oxide content, and soil shear strength (Wooldridge, 1963;
Balci, 1968; Foster and Martin, 1969; Wischmeier and Mannering, 1969;
Cruse and Larson, 1977; Singer et a1., 1978). Further complicating the
analysis of a soil's inherent erodibility is the fact that the magnitude
of these factors often varies from the surface to the subsurface soil.
2.2.3 Topography
Topography is one of the most important factors in describing soil
erosion. It accounts for more variation in total erosion than any other
factor except for possibly land use. One of the earliest researchers
6
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to study the effects of topography on soil erosion, Zingg (1940), con-
cluded that: (l) doubling the degree of slope increased the total soil
loss approximately 2.7 times, and (2) doubling the horizontal length of
slope increased the total soil loss approximately three times.
It has since been shown that slope shape, as well as slope length a
and gradient, has a major influence on the amount of soil eroded from a
particular slope (Meyer and Kramer, 1968; Young and Mutchler, 1969). For
slopes of equal average steepness, the slope shape (in cross section)
which exhibits the least depth of erosion, the least eroded soil, and
the least change in slope shape, is the concave slope (Meyer and Kramer,
1968). Conversely, a convex slope exhibits the 9reatest erosion depth,
the greatest quantity of eroded soil, and the greatest change in slope
shape.
The concave slope exhibits the least soil erosion because its
steepest slope occurs where there is the least runoff. Its mildest
SlOPE occurs where there is the most runoff. Thus, where the slope is
steep and the potential transport-detachment capacity of the runoff is
hi9hest, there is relatively little runoff. By the time there is sub-
stantial runoff, its transport-detachment capacity has been decreased by
a reduction in slope steepness. In general, soil loss from irregular
slopes depends primarily on the steepness of a short section of that
slope immediately above the point of measurement (Young and Mutchler,
1969).
2.2.4 Land Use
The fact that land use significantly affects soil erosion has been
confirmed in a number of watershed studies. Megahan (1975) reported
7
that logged areas in central Idaho produce 1.6 times as much sediment as
undisturbed forested areas, and that roads produce 220 times as much
sediment. Similarly, Mansue and Anderson (1974) credit a decrease in
cropland, and an increase in urban and idle land with increasing the
sediment yield of the Stony Brook Basin in New Jersey. While investi-
gating the effects of road construction on sediment yield, Fredrickson
(1965) found that construction of a 1.65 mile road in a mountainous 250
acre forested watershed doubled the sediment yield of that basin in the
2 years following construction.
The effect of land use on soil erosion is primarily due to its in-
fluence on a site's inherent erodibility, topography, soil compactness,
and cover. As was mentioned earlier (Section 2.2.2), the inherent
erodibility of a soil can increase from the surface to the subsurface
soil. Therefore, any use which might cause the subsoil to be exposed
could potentially increase a site's erosion rate. Modification of a
site's topography, as discussed in Section 2.2.3, is also an important
influence of land use on soil erosion.
Soil compactness, as used here, refers to the loosening or com-
pacting of the soil surface. Lusby (1965) found that although composi-
tion and percent cover remained the same in both a grazed and an ungrazed
watershed, runoff and sediment yield were considerably less in the
ungrazed watershed. After an investigation of the two watersheds, it
was concluded that soil compaction by the grazing animals was respon-
sible for the increased runoff and soil erosion. Conversely, loosening
of the soil surface through frost action and the exclusion of grazing
was shown to decrease erosion.
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The effectiveness of ground cover in reducing soil erosion is
associated with its ability to protect the soil surface from raindrop
impact and to reduce runoff along the surface. Although there is no
question that ground cover can effectively reduce soil erosion, the
exact relationship of ground cover to soil erosion is not completely
understood. Meeuwig (1969) reported that erosion was inversely related
to the combined percentage of stone and vegetative cover. However,
further rsearch (Meeuwig, 1970) indicated that in some cases the per-
centage of litter and vegetative cover, only, was better correlated. In
studying the effectiveness of oat, straw, oak leaf, and redwood litter
mulches, Singer et al. (1978) found that a single model was insufficient
to accurately show the relationship between percentage of mulch cover
and soil erosion. Thus, while it can be said that ground cover effec-
tively decreases soil erosion, the magnitude of the effect seems to
depend on the specific type of cover.
Unlike ground cover, canopy cover can contribute to either an
increase or a decrease in soil erosion (Dohrenwend, 1977). This is due
to the fact that the kinetic energy of rainfall in an open field is
relatively constant for a given intensity, whereas in the forest, the
kinetic energy of the raindrops increases with the height of the canopy
and the size of drop formed. Hence, canopy cover will only be effective
in minimizing erosion when it is low enough to produce raindrops with a
kinetic energy less than that of the uninterrupted rainfall.
2.3. Empirical Relationships
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2.3.1 Past Experience
Although a widely accepted deterministic model of sheet-rill ero-
sion has yet to be developed, empirical equations for estimating soil
loss have been available for many years. Zingg (1940) published an
equation relating soil loss to the 1.4 power of the percent slope and
the 1.6 power of the horizontal length. Later, the Musgrave Equation
was developed which related soil erosion to five basic parameters:
soil, slope length, slope steepness, cover, and rainfall (Musgrave,
1947). However, due to the lack of procedures for adjusting the para-
meters according to local variations in rainfall and cover, the equation
was of little value to regions outside the area in which it was devel-
oped.
Through establishment of a national program to assemble all avail-
able runoff and soil loss data at a single location, the Universal Soil
Loss Equation (Wischmeier and Smith, 1965) was developed in 1954. Refine-
ment of the equation's parameters has continued to the present day,
making it the most widely used model for predicting sheet-rill erosion
in the United States.
2.3.2 The Universal Soil Loss Equation
The Universal Soil Loss Equation (USLE) is given by the expression
A = R·K·LS·C·P (1)
where
A is the computed soil loss in tons per acre,
R is a rainfall factor expressed in terms of foot-tons per acre
times inches per hour,
10
K is a soil erodibility factor expressed in tons per acre per
increment of rainfall erosion index,
LS is a dimensionless topographic factor,
C is a dimensionless cover and management factor, and
P is a dimensionless erosion control practice factor.
The rainfall factor, R, is defined as the product of a storm's
total kinetic energy per acre and its maximum 30 minute intensity (i.e.
the rainfall erosion index) divided by 100. A storm's total kinetic
energy per acre is calculated as follows. Using recording raingauge
data, individual rainstorms are divided into portions of uniform
intensity. For each intensity interval the kinetic energy per unit
volume of rainfall (in foot-tons per acre-inch) is calculated according
to (Wischmeier, 1959)
E = 916 + 331 • (109101) (2)
where I is the rainfall intensity espressed in inches per hour.
Finally, the kinetic energy per unit volume of rainfall is multiplied
by the amount of rain (in inches) that has fallen at that intensity
interval, and the resultant increments of energy per acre summed to
obtain the total kinetic energy per acre. It should be noted that an
inconsistency in Wischmeier's widely quoted reoprt of 1959 could lead
to confusion in using the above equation. In this report, he errone-
ously referred to the total kinetic energy per acre as having units of
foot-tons per acre-inch. Of course, the correct units are foot-tons
per acre.
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In general, the best correlation between the rainfall factor and
soil loss is obtained when: (1) rains separated by less than six hours
are treated as a single storm, (2) storms of less than 0.5 inches of
rain are ignored as insignificant, and (3) individual storm rainfall
factors are summed, and compared to soil loss on an annual basis (Wisch-
meier, 1959). Recently it has been shown that where snowmelt runoff is
important, annual values of the rainfall factor can be adjusted for this
condition (McCool et al., 1976).
The soil erodibility factor, K, is the average erosion rate per
unit of erosion index for a specific soil in continuous fallow on a 9
percent slope 72.6 feet long. Values of K were originally obtained by
direct field measurement on a few agricultural soils in the central
United States, and were estimated for other soils by comparison of their
physical properties (Wischmeier and Smith, 1965). Today the soil erodi-
bility factor is generally computed from a nomograph (Figure 1) devel-
oped by Wischmeier et al. (1971). Five soil parameters are used to
predict erodibility: percent silt plus very fine sand, percent sand
greater than 0.10 millimeters in diameter, organic matter content,
structure, and saturated permeability.
It should be noted that the nomograph only considers organic matter
levels between 0 and 4 percent. In general, organic matter levels above
4 percent are considered to have little or no additional effect on a
soil's erodibility (Young, 1975). However, Wischmeier et al. (1971)
state that "whether or how much soil erodibility declines further when
organic matter levels exceed 4 percent has not been determined." l~here
a soil's erodibility changes along a slope, Wischmeier (1974) has pro-
vided a method for calculating an adjusted soil erodibility value.
12
The topographic factor, LS, is the ratio of soil lost from a slope
of specified length and gradient to that of a 9 percent slope 72.6
feet long. The topographic factor is defined by Clyde et al. (1978)
as
(3)
where
s is the specified slope steepness in percent,
b is the specified slope length in feet, and
m is an exponent dependent upon slope steepness.
For slopes less than 0.5 percent, the suggested value of m is 0.3; for
slopes from 0.51 to 10 percent, the suggested value of m is 0.5; and for
slopes greater than 10 percent, the suggested value of m is 0.6. Since
information has not been available to evaluate the LS factor on steep
slopes, Wischmeier and Meyer (1973) caution that use of the equation on
slopes greater than 20 percent is speculative.
Where necessary, a procedure for adjusting the LS factor for non-
uniform slopes has been described by Wischmeier (1974). The procedure
involves: (1) dividing the slope into two or more equal length seg-
ments of essentially uniform slope, (2) computing the LS factor for
each segment, (3) multiplying the segment LS value by an adjustment
factor, and (4) summing the adjusted LS values. The adjustment factor
(af) is calculated by the equation
13
(4)
where
j is the sequence number of the segment starting from the
top of the slope,
m is the slope length exponent, and
n is the number of equal length segments. The above procedure
assumes that there is no upslope deposition.
The cover and management factor, C, is the ratio of soil lost from
a field with specified cover and management to that of a fallow field
plowed up and down slope. Since C values must be determined by experi-
mentation in plot studies, numerous tables and graphs have been devel-
oped to provide the USLE user with appropriate values (Wischmeier and
Smith, 1965; Wischmeier and Meyer, 1973; Curtis et al., 1977; Evans and
Kalkanis, 1977; Kimberlin and Moldenhauer, 1977; Mannering and Fenster,
1977; u.s. Soil Conservation Service, 1977; Clyde et al., 1978).
Recently it has been reported (Wischmeier, 1975) that the value of the C
factor is based on three distinct but interrelated effects: (1) the
effect of the vegetative cover in direct contact with the soil surface,
(2) the effect of canopy cover, and (3) the effect at and beneath the
soil surface from past land management. For undisturbed lands, Wisch-
meier (1975) has developed a series of three graphs (Figure 2) for
calculating the effect of each of these parameters. The product of the
three parameters is then used as the C factor in the USLE.
The last factor in the USLE is the erosion control practice factor
P. The P factor was developed specifically to account for the effect of
contouring, strip-cropping, and terracing on farmlands. It is hypothesized
14
that the effectiveness of terraces and other diversions which reduce the
effective slope len9th and the concentration of runoff, will be similar
on construction sites (Wischmeier and Meyer, 1973). Values of the P
factor are available from the published literature (Wischmeier and
Smith, 1965).
2.3.3 Sediment Delivery Ratios
It must be emphasized that all of the equations discussed above,
includin9 the USLE, only predict the amount of sediment moved from its
original location on a slope. The equations do not account for sediment
that may be deposited. In order to predict sediment yield, it is nec-
essary to use a sediment delivery ratio in combination with an estimate
of the soil eroded. The sediment delivery ratio is defined as the
percentage of eroded soil that is delivered to a specified point. The
ratio is developed from experimental data for a particular region and
is related to a number of watershed characteristics including: area of
the drainage basin, channel density of the watershed, ratio of watershed
relief to maximum length, percent slope of buffer stripl, and slope
length of buffer strip (Manor, 1958; Manor, 1965; Mutchler, 1975; Curtis
et al., 1977).
lAn undisturbed area between a potential source of erosion and
surface water.
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CHAPTER 3: THE STUDY AREA
3.1 Climate
In order to consider the effects of forest (or land use) manage-
ment on erosion, intensive study sites were established at the Moose
Creek Embankment and the Caribou-Poker Creeks Research Watershed. Both
locations are within the Tanana Basin.
The climate of the Tanana Basin is characterized as continental
(Johnson and Hartman, 1969), with long cold winters and short warm
summers. No long-term climatic data exist for either site. However, it
is likely that the mean annual temperature is approximately 26°F, with a
mean July temperature of 61°F and a mean January temperature of _12°F.
The mean annual precipitation is probably 11 to 15 inches in the Caribou-
Poker Creeks Research Watershed and approximately 10 to 12 inches at the
Moose Creek Embankment. The cumulative rainfall at each of the sites
during the study period is shown in Figure 3.
3.2 Caribou-Poker Creeks Research Watershed
The Caribou-Poker Creeks Research Watershed is located approxi-
mately 25 miles north of Fairbanks. It is representative of the forested
hills at the lower elevations of the Yukon-Tanana Uplands. Five study
plots were established in the watershed, from which soil erosion and
related parameters could be monitored. Plots 1, 2, and 3 were located
on a permafrost-free upland site, while plots 4 and 5 were located on a
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permafrost-dominated lowland site (Figure 4). A tipping bucket recording
rain gauge was used to measure the quantity and intensity of rainfall.
3.2.1 The Upland Site
Each plot on the upland site is 15 feet wide by 50 feet long, and is
bounded on three sides by a wooden border extending approximately 3
inches above and below the soil surface. The lower boundary of the
plot is formed by a covered rain gutter set flush with the soil surface
and draining into a covered 55-gallon drum. Data collection began late
in the summer of 1977 on plots 1 and 3, and early in the spring of 1978
on plot 2.
Vegetation on plots 1, 2, and 3 has historically been that of a
spruce-birch-aspen forest with an average effective canopy height of
approximately 35 feet. Recently, however, the vegetation in the vicin-
ity of plots 1 and 2 has been altered. The trees on plots 1 and 2 were
felled in 1974 and removed in 1977. Also during the summer of 1977,
the undergrowth on plot 1 was stripped from the site to expose mineral
soil. In 1978 a tracked vehicle made approximately a dozen passes
over plot 2 in order to disturb the dense ground cover. Thus, the
condition of the plots at the start of the study was as follows. Plot 1,
stripped of all vegetation, consisted of exposed rock fragments and
mineral soil. Plot 2 contained a fairly dense cover of club moss
and grass, while plot 3 was undisturbed. It consisted of a spurce-
birch-aspen overstory with a thick layer of litter on the forest floor.
Photographs of the plots are shown in Figures 5, 6, and 7.
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The topography, aspect, and soils of the three plots are similar.
Plots 1 and 2 have an lB percent uniform slope, while plot 3 has a 17
percent uniform slope. All three plots have a south aspect.
Based on the work of Rieger et al. (1972), the soil on the upland
plots is of the Olness soil series. It is typically a silt loam from
o to 19 inches and a very gravelly silt loam from 19 to 40 inches.
Furthermore, the soil exhibits a weak thin platy to weak fine subangular
blocky structure.
Laboratory analysis indicates that the soil consists of 64 percent
silt plus very fine sand and 25 percent sand greater than 0.1 millimeters
in diameter (Figure B). The bulk density of the soil, determined from
14 soil samples, averages 1.4 grams per cubic centimeter (standard
deviation of 0.21 grams per cubic centimeter), and the organic content
averages 7 percent (Table 1). Soil saturated permeability, determined
from four soil samples, averages 0.14 inches per hour (standard devia-
tion of 0.13 inches per hour), and based on U.S. Oepartment of Agri-
culture (1951) criteria, is classed as slow.
3.2.2 The Lowland Site
Plots 4 and 5 are located on an abandoned trail in a permafrost-
dominated section of the watershed. While each of the plots averages
9 feet wide, plot 4 is 50 feet long and plot 5 is 250 feet long. The
sides of the plots are formed by the dense layer of sphagnum moss and
black spruce surrounding the trail. A three-sided plywood container
forms the lower boundary of each plot and collects the eroded soil.
lB
The upper boundary of plot 4 is the plot 5 collection box, while the
upper boundary of plot 5 consists of a water bar across the trail. A
photograph of the plot 4 collection box, with the permafrost trail in
the background, is shown in Figure 9.
The trail in which the plots are located was formed by running
tracked vehicles across the tundra. Use of the trail consisted of
approximately 10 passes per week during July and August of 1975, approxi-
mately four passes per week during the summer of 1976, and approxi-
mately one pass per week during the summer of 1977. Access was restricted
and the plots established in the spring of 1978. Vegetative cover on
both plots consisted of dead, churned-up sphagnum moss.
Although the average slope of both plots is 9 percent, plot 4 was
raked to provide a uniform slope while plot 5 was left with an irregu-
lar slope and two pronounced ruts. Each rut is approximately 1.5 feet
wide by 6 inches deep. The slope gradient of plot 5 for specific slope
length intervals, starting from the collection box, is: 0 to 50 feet,
10 percent; 50 to 100 feet, 8 percent; 100 to 150 feet, 10 percent; 150
to 200 feet, 9 percent; and 200 to 250 feet, 7.5 percent. Both plots
have a west aspect.
Based on the work of Rieger et al. (1972), the soil on the lowland
plots is of the Saulich soil series. It is typically a silt from 0 to
3 inches and a silty permafrost from 3 to 12 inches. The soil structure
is massive.
Laboratory analysis indicates that the soil consists of 65 percent
silt plus very fine sand and 30 percent sand greater than 0.1 millimeters
in diameter (Figure 10). The bulk density of the soil, determined from
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three soil samples, averages 1.0 gram per cubic centimeter (standard
deviation of 0.21 grams per cubic centimeter), while the organic content
averages 12.7 percent (Table 1). Soil saturated permeability, deter-
mined from three soil samples, averages 0.26 inches per hour (standard
deviation of 0.29 inches per hour). Based on U.S. Department of Agri-
culture (1951) criteria, the saturated permeability is classed as mode-
rately slow.
3.3 Moose Creek Embankment
The Moose Creek Embankment is located approximately 17 miles east
of Fairbanks in the Chena River floodplain, and is adjacent to the
Tanana River in the vicinity of the plots. Seven plots established in
1977 by the Cold Regions Research and Engineering Laboratory were util-
ized for this study. A tipping bucket recording rain gauge located
approximately 2 miles north of the plots provided precipitation data.
The plots are located adjacent to each other on a flood control
embankment being constructed by the Alaska District of the U.S. Army
Corps of Engineers (Figure 11). Each plot is 4 feet wide and 50 feet
long. While the sides of the plots are unbounded, the top of the embank-
ment provides an upper boundary. A covered 30-gallon metal collec-
tion box, set flush with the soil surface, provides the lower boundary.
The plots all have a uniform slope of 48 percent and an east aspect.
Photographs of plots 37, 29, and 27 are exhibited in Figure 12.
The plots are situated on approximately 6 inches of topsoil covering
a gravel embankment. The gravel embankment consists of fill material
in which less than 4 percent is smaller than 0.075 millimeters and less
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than 40 percent is smaller than 0.425 millimeters (Gaskin and Johnson,
1978). The soil exhibits a fine granular structure, and consists of 45
percent silt plus very fine sand and 50 percent sand greater than 0.1
millimeters in diameter (Figure 13). 8ulk density, determined from 51
soil samples, averages 1.3 grams per cubic centimeter (standard deviation
of 0.12 grams per cubic centimeter), while the organic content averages
5.8 percent (Table 1). Soil saturated permeability, determined from
three soil samples, averages 0.39 inches per hour (standard deriation of
0.6 inches per hour). Based on U.S. Department of Agriculture (1951)
criteria, saturated permeability is classed as moderately slow.
Three vegetative erosion control treatments are represented by the
seven plots (Gaskin and Johnson, 1978). Plot 37 was plarted with a
seed mixture consisting of 10 pounds per acre of ryegrass, 22 pounds
per acre of red fescue, and 7 pounds per acre of nugget bluegrass.
Plots 28, 29, and 30 were treated with the seed mixture described
above, unrooted willow cuttings planted on a 1 yard square spacing,
and 2.2 tons per acre of straw mulch. Plots 25, 26, and 27 were treated
with unrooted willow cuttings planted on a 1 yard square spacing and 2.2
tons per acre of straw mulch.
All the plots were fertilized when established in 1977, and the
right half of each plot was refertilized in 1978. By the end of the
1977 growing season, the plant growth on plots 25, 26, and 27 was
similar in density to that on plots 28, 29, and 30. On plots 28 through
30, the type of vegetation was that of the planted seed, while on
plots 25 through 27 the vegetation apparently developed from the seed of
weeds present in the straw mulch at the time of harvesting.
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CHAPTER 4: METHODS AND MATERIALS
4.1 Collection and Analysis of Eroded Soil and Runoff
Soil from each of the sediment traps was collected and analyzed
at predetermined intervals. During the 1977 field season, after a plot
was established at the Caribou-Poker Creeks Research Watershed, its
sediment trap was observed weekly. At the Moose Creek Embankment,
the plots were also checked on a weekly basis after the authors were
given permission to use the plots in June of 1977. The sediment traps
were emptied whenever sediment was found. During the 1978 field season,
all sediment traps were emptied on a monthly basis. Sediment was
collected by pumping the runoff from the sediment trap, obtaining
a suspended sediment sample, and collecting the settled sediment from
the bottom of the tank.
In the laboratory, both a 25 milliliter sample of the suspended
sediment and the total quantity of settled sediment were dried to a
constant weight at 103°C. The total sediment weight was then calculated
by computing the dry weight of sediment in the total volume of runoff
and adding to it, the dry weight of the settled sediment.
Weight lost on ignition was determined by taking samples previously
dried at 103°C and then igniting the samples at 550°C. Suspended
sediment samples were ignited for 15 minutes, while settled sediment
samples were ignited for 30 minutes. The difference between the initial
dry weight and the weight after ignition is the weight lost on igni-
tion. Further details concerning the analysis of dry sediment weight
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and weight lost on ignition are presented in standard Methods for
the Examination of Water and Wastewater (American Public Health Asso-
ciation et al., 1976).
4.2 Percent Cover Analysis
Analysis of percent cover was accomplished by one of two methods.
The first method, which was used to determine either percent ground
cover or percent canopy cover, consisted of taking three 35 millimeter
photographs of each study site (Figure 14). The developed picture was
projected on a grid and the cover status at 100 randomly selected
points was recorded. Both rock and vegetative cover were considEred in
determining the average percent ground cover. The second method, which
was occasionally used to determine ground cover, involved laying a tape
measure along the ground and determining the cover status at 100 pre-
determined intervals. Percent cover was estimated only once at each
plot during the 1977 field season, while percent cover was estimated
once a month during the 1978 field season.
4.3 Collection and Analysis of In Situ Soil Parameters
In general, the methods used for determining the bulk density,
soil gradation, and saturated permeability followed standard practice.
Soil bulk density was analyzed by the procedure of Blake (1965). Soil
gradation was determined by dry sieving soil samples down to a maximum
diameter of 0.053 millimeters, and using the hydrometer method to
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determine the particle gradation below 0.053 millimeters (Oay, 1965).
The saturated permeability of undisturbed soil cores was measured with a
constant head permeameter as outlined by Klute (1965). All soil samples
were collected from the upper 2.5 inches of the mineral soil profile.
The or9anic content of the soil was determined by a chemical
oxidation procedure (Bremner and Jenkinson, 1960). The procedure used
potassium dichromate to oxidize the organic carbon present in a 0.25
gram soil sample. Weight of organic matter was then estimated by
assuming the organic mass to be 53 percent carbon by weight (Allison,
1965).
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CHAPTER 5: MEASUREMENTS OF SHEET-RILL EROSION
WITHIN INTERIOR ALASKA
5.1 Erosion Generated by Rainfall-Runoff
During the summers of 1977 and 1978, a number of sheet-rill erosion
measurements were taken on research plots at two locations within inte-
rior Alaska. A discussion of the plots is available in Chapter 3, and a
brief description of the plot treatments is presented in Table 2. Soil
erosion data collected at the plots appear in Tables 3 and 4, while the
cover data are presented in Tables 5 through 7. In order to obtain as
much information as possible from the limited data, the measurements
will be discussed in light of the research conducted by other investigators.
5.1.1 The Magnitude of Sheet-Rill Erosion
Sediment data collected on plot 3 indicates that the geologic
rainfall erosion rate for the spruce-birch-aspen forests, of interior
Alaska, is on the order of 0.01 tons per acre per year. Pi est (1970)
has suggested that the normal geologic erosion rate for vegetated
areas is commonly less than 0.3 tons per acre per year. Since the
value for plot 3 does not consider erosion from snowmelt, the two
values are not strictly comparable. However, it is obvious that the
measured rate is particularly low. This is probably due to the fact
that the ground cover was thick, and rainfall within interior Alaska
is low compared to areas of similar cover in the contiguous United
States.
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A comparison of the erosion data from plots 2 and 3 indicates that
harvesting the trees, with only minor disturbance of the surface cover,
did not substantially increase the erosion rate. Stripping all the
vegetation from the soil surface, however, increased rainfall erosion 18
times above that produced on the forested plot. Thus, the increase in
sediment yield often reported to be associated with timber harvesting is
probably related to construction activities, rather than to timber
harvesting per se.
It is also interesting to note that the rainfall erosion from plot
4, on the permafrost trail, was only 0.03 tons per acrE per year. This
was considerably less than was expected, considering the normal geologic
erosion rate suggested by Piest (1970) and past investigations of
erosion on tractor trails crossing permafrost (Hok, 1969; Rickard and
Slaughter, 1973). The low quantity of eroded soil was apparently due to
the low ice content of the permafrost, and a mostly intact organic mat.
Bolstad (1971) has already noted that revegetation on permafrost trails
can be accomplished easier than on some nonpermafrost trails. Therefore,
it appears that erosion on permafrost trails need not be excessive, if
steps are taken to locate the trails "across permafrost with a low ice
content, protect the organic mat, and revegetate trails when no longer
needed.
Finally, an average of all the plot data indicated that the single
largest storm produced 72 percent of the annual rainfall erosion (stan-
dard deviation of 20 percent). The mean ranged from 33 percent on plot
3 to 95 percent on plot 37. Thus, the fact that ground cover on a
construction site will only be disturbed for a short period of time is
no guarantee that substantial erosion will not occur.
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5.1.2 Use of Seed, Mulch, and Willow Cuttings for Erosion Control
In order to determine the effectiveness of various combinations of
seed, straw mulch and un rooted willow cuttings for controlling soil
erosion, a number of plots were established at the Moose Creek Embank-
ment. A discussion of the plots is available in Section 3.3, while
a brief summary of the plot treatments is presented in Table 2. The
soil eroded and the percent cover data are presented in Tables 4 and 7
respectively. Values of the mean soil eroded and the mean percent
cover, for each of the replicates, are given in Tables 8 and 9.
It should be noted that vandalism on plots 30 and 37 during July
of 1978 caused the sediment collected to differ from what it might have
been without the disturbance. On plot 37 a motorcycle track across
the plot, 2 inches deep and 5 inches wide, reduced the area draining
into the sediment trap by approximately 40 percent. To account for
this, the area of the plot was reduced accordingly when computing the
sediment eroded per unit area. A motorcycle track through the center
of plot 30, concentrated the runoff and substantially increased the
amount of erosion. Since the plot was no longer representative of
sheet-rill erosion on the grass-willow-straw mulch-fertilizer treatment,
plot 30 was eliminated from calculations of the 1978 mean treatment
parameters.
Data collected at the Moose Creek Embankment indicated that in
the 2 years following site rehabilitation, use of a grass-wi 1low-straw
mulch-fertilizer treatment reduced mean annual rainfall erosion by
98 percent from that of a grass-fertilizer treatment. The use of a
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willow-straw mulch-fertilizer treatment reduced erosion by 95 percent.
Both treatments reduced erosion slightly more in the first year than in
the second year.
In order to determine if the annual quantity of soil eroded on the
grass-wi 1low-straw mulch-fertilizer treatment was significantly differ-
ent from that on the willow-straw mulch-fertilizer treatment, the vari-
ances of the paired treatment means were compared using an F-test, and
the differences between the means using a paired t-test (Sakal and
Rohlf, 1969). At the 99 percent confidence level, the variances of the
treatment means were similar, while the difference between the means was
not significant. An analysis of the 1978 cover data also indicated
that, at the 99 percent confidence level, the variances of the treatment
means were similar while the difference between the means was not sig-
nificant. Therefore, the effectiveness of the grass-willow-straw mulch-
fertilizer treatment in controlling erosion was not significantly dif-
ferent from that of the willow-straw mulch-fertilizer treatment.
Thus, a number of interesting questions may be posed. Given a
limited source of funds, would it be preferable to rehabilitate dis-
turbed areas with a one-time application of grass, mulch, and fertil-
izer? Or should one use only locally grown straw mulch and fertilizer?
In the later case, the balance of the funds would be used to refertilize
the area in the second year. Further, are willow cuttings needed to
obtain the reduction in erosion observed in this study? The answers to
these questions are unclear.
However, observations made during the study provide some insight
for future erosion control programs. The portion of each plot refertil-
ized in 1978 appeared to produce substantially denser vegetation than
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the unfertilized portion. Furthermore, the un rooted willow cuttings did
not seem to produce enough growth to influence erosion on the plots.
Thus, it is hypothesised that the unrooted willow cuttings were in no
way responsible for reducing erosion on the plots. It is also hypothe-
sized that locally grown straw mulch used to control erosion, with
applications of fertilizer in the first and second year, is superior to
use of seed, mulch and fertilizer in a one-time application.
Finally, it is interesting to compare the amount of soil eroded
from plot 30 with that from plots 28 and 29 (Table 3). A single track,
down the center of this plot, apparently increased erosion on the plot
by approximately 4 tons per acre or 1200 percent. Thus, a relatively
minor change in surface cover, combined with a concentrating of runoff,
produced a substantial increase in erosion. Furthermore, extensive
efforts in erosion control were seriously undermined by uncontrolled
vehicular traffic.
5.1.3 Organic Content of Eroded Soils
The organic content of eroded soil is of particular interest because
it influences the oxygen and nutrient cycles of surface waters. An
easily obtained indicator of soil organic content, which is often used,
is weight lost on ignition. The percent weight lost on ignition from
eroded soil at the Caribou-Poker Creeks Research Watershed and the Moose
Creek Embankment is given in Tables 10 and 11.
To determine how closely the weight lost on ignition represented
the weight of organic matter, a series of tests were performed. An
analysis of four soil samples suggested that 0.11 percent of the weight
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lost on ignition (standard deviation of 0.02 percent) was due to loss of
hygroscopic water rather than loss of organic matter. To determine if
any organic matter remained after ignition, 38 previously ignited soil
samples were chemically analyzed for organic content. The results
indicated that there was approximately 1.5 times as much weight in
organic matter as there was weight lost on ignition (standard deviation
of 0.53). Thus, although the quantity of eroded organic matter can only
be crudely estimated from the data in Tables 10 and 11, trends in the
organic content of the eroded soil may be observed.
From the data in Tables 10 and 11, it appears that the percentage
of organic matter in the eroded soil decreased with a decrease in sur-
face cover. However, due to an increased erosion rate, the quantity of
eroded organic matter increased as the amount of surface cover decreased.
Therefore, while landscape manipulation clearly influenced the ratio of
organics to inorganics in the eroded soil, it did not decrease the
amount of organic material available to associated surface waters.
5.1.4 Error in Erosion Measurements Associated with Wind Blown Sediment
Although covers were placed on the sediment traps in an effort to
prevent windblown material from settling in the basins, some material
apparently did enter the traps. The amount of windblown soil collected
during May of 1978, when no runoff had occured, is presented in Tables
3 and 4. No estimate of the amount of windblown soil collected by the
traps is available for other months of the study. However, these values
are presented to provide an indication of the magnitude of this potential
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source of error. In general, the amount of windblown soil collected
during May of 1978 approaches the amount of sediment eroded from the
smaller rainstorms.
5.1.5 Gradation of Eroded Soil
A number of investigators have suggested that the magnitude of
erosion is inversely proportional to the amount of time following a
surface disturbance (Leaf, 1974; Megahan, 1974). Megahan (1974) found
that the decrease in erosion with time was not necessarily due to an
increase in vegetative cover. Furthermore, he suggested that in such
cases the decrease was due to surface armoring caused by differential
erosion of the finer particles.
In order to determine if particles less than 2 millimeters in
diameter were providing an armor surface, a soil gradation curve was
produced for the sediment collected from plot 37 on August 30, 1978. It
is presented in Figure 7. The curve, for all practical purposes, is
identical to the in situ soil curve presented for this site in Figure 6.
Hence, the surface composition of the soil did not change after 16
months of erosion. Any reduction in erosion with time, therefore, is
probably not due to the formation of an erosion-resistant surface com-
posed of particles less than 2 millimeters in diameter. From observa-
tions of the plots in this study, it is hypothesized that a decrease in
erosion with time is primarily due to an increase in vegetative cover,
and secondarily to armoring by rock fragments over 2 millimeters in
diameter.
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5.2 Erosion Associated with Snowmelt Runoff
5.2.1 Snowmelt Runoff Erosion Measurements
To estimate the amount of annual erosion associated with snowmelt
runoff, plots 1 and 3 were operated during the spring of 1978. Snowmelt
runoff on plot 1 started about April lOth and ended about May 1st, while
runoff on plot 3 started and ended approximately a week later. The
initial water equivalent of the snowpack at plot 1 was 2.9 inches.
For various reasons (i.e. the pit filled with runoff and floated
the 55-gallon barrels, and the rain gutter frost heaved) neither all of
the runoff nor sediment produced from the 1978 snowmelt was collected.
However, on plot 1,0.053 tons per acre of sediment (or 25 percent of
the total quantity of sediment collected during 1978) was collected. On
plot 3, 0.017 tons per acre of sediment (or 68 percent of the total
quantity of sediment collected during 1978) was collected. Thus,
although all of the 1978 snowmelt erosion was not collected, it is
obvious that snowmelt runoff can contribute substantially to annual
sheet-rill erosion within interior Alaska.
5.2.2 Extrapolation of the Snowmelt Runoff Data
Since the soil erosion data collected during the 1978 snowmelt was
incomplete, an attempt was made to estimate the quantity of sediment
that was actually eroded. In order to do this, two assumptions were
necessary: (1) that 50 percent of the initial snowpack water equivalent
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left the site as surface runoff; and (2) that the average sediment
concentration in the total runoff was equal to that in the runoff col-
lected. The first assumption is based on the work of Erickson and
McCorquodale (1966) working with the Manicouagan River basin in Quebec.
They found that snowmelt runoff could be satisfactorily simulated by
assuming that: (1) 8 percent of the initial snowpack water equivalent
was lost to evaportranspiration in thinly forested and open areas,
and (2) infiltration losses were constant at 0.057 inches per day
during the melt period. Although the snow on plots 1 and 3 disappeared
in 7 to 14 days, runoff occurred for approximately 3 weeks. Thus, using
the above constants, it was estimated that approximately 50 percent of
the initial snowpack water equivalent left plots 1 and 3 as surface
runoff. Since suspended sediment samples were collected periodically
throughout the snowmelt runoff, the second assumption was also con-
sidered reasonable.
8ased on these assumptions, it is estimated that 40 percent of the
annual erosion on the stripped plot occurred during snowmelt. It is also
suggested that 90 percent of the annual erosion on the forested plot
occurred during sno\~elt. While both values are presented merely as
estimates, they probably approximate the magnitude of erosion more
accurately than do the measured values of 25 and 68 percent discussed in
Section 5.2.1.
33
CHAPTER 6: USE OF THE UNIVERSAL SOIL EQUATION
TO PREDICT SHEET-RILL EROSION WITHIN INTERIOR ALASKA
6.1 Predicting Sheet-Rill Erosion at the Caribou-Poker Creeks Research
Watershed
The USLE has recently become popular with erosion control planners
attempting to predict the quantity of soil eroded from a variety of
landscape disturbances, and to choose between possible erosion control
programs. Although the equation has proved useful in the contiguous
United States, the environmental conditions within interior Alaska
differ considerably from those where the equation was developed. Thus,
in order to determine the accuracy of the USLE for predicting sheet-rill
erosion within interior Alaska, data from the Caribou-Poker Creeks
Research Watershed were used to test the equation.
A discussion of the USLE is presented in Chapter 2, and will not be
repeated here. However, the mean 1978 values of each of the equation's
parameters, as calculated according to the procedures described in
Chapter 2, are presented in Table 12·and 13. The cover factor calcu-
lations (using Figure 2) assume that the root network was 100 percent
intact on plot 1, 69 percent intact on plot 4, and 82 percent intact on
plot 5. Although the individual storm values of the cover and manage-
ment factor are not presented, they were calculated as described above
using the data in Tables 5 and 6. The predicted soil loss compared to
the measured soil loss, on an annual and an individual storm basis, is
presented in Figures 16 and 17 respectively. From a review of Figures
16 and 17, a number of inferences can be made.
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The ability of the USLE to predict soil loss was considerably
better on an annual basis than it was on an individual storm basis. On
an annual basis, the equation predicted an average of 21 percent more
erosion than was actually measured (standard deviation of 34 percent).
The range of the percent difference went from -13 percent on plot 1 to
66 percent on plot 3. This compared favorably with data presented by
Piest (1970), in which 1,082 plot-years of data collected at seven
locations, under various crop and management conditions, were compared
to soil loss as predicted by the USLE. The data (Piest, 1970) indicated
that, on the average, the USLE overestimated sheet-rill erosion by 26
percent.
As was mentioned in Chapter 2, the best results have been obtained
when the USLE was used on an annual basis. However, with the increased
interest in using the USLE, the temptation to use the equation for
predicting erosion on an individual storm basis has grown. Thus, Figure
17 was produced in order to determine the magnitude of the error asso-
ciated with using the USLE to predict erosion on an individual storm
basis. On an individual storm basis, the USLE predicted an average of
174 percent more erosion than was actually measured (standard deviation
of 328 percent). The range of the percent difference went from -65
percent on plot 3 to 1100 percent on plot 3.
A number of possible reasons exist for the variation between the
predicted and measured values of sheet-rill erosion. It should be
noted, however, that the sample size from which the above inferences
of overestimation were made, represents only 5 plot-years of data.
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The USLE was developed from approximately 10,000 plot-years of data
(Wischmeier and Meyer, 1973). Assuming that the results of this study
hold for a larger sample size, one reason for the overestimation may be
associated with the quantity of organic matter present in the soil. As
was mentioned in Chapter 2, increasing soil organic content from 0 to 4
percent decreases soil erosion. Increasing organic content above the.t,
although generally assumed to have no additional effect, may actually
continue to decrease erosion. It has also been suggested that the
relationship used to describe the topographic factor may change (Wisch-
meier and Meyer, 1973; McCool et al., 1976), particularly as the slope
steepness exceeds 20 percent.
6.2 The Rainfall Erosion Index as Measured at the Study Site
As described in Section 2.3.2, the rainfall erosion index is the
product of a storm's total kinetic energy and the maximum 30 minute
intensity. The erosion index for all storms involving 0.5 inches or
more of rain is presented in Tables 13 and 14. The distribution of
the rainfall erosion index is presented in Figure 18. In the Fairbanks
vicinity, the average annual value of the rainfall erosion index is
reported to be equal to 1600 foot-tons per acre times inches per hour
(Clyde et a1., 1978). Thus, it appears that the total rainfall ero-
sivity was below normal during both years of this study.
Through an understanding of the annual distribution of erosive
rains, erosion control planners can more adequately assess the need for
a particular erosion control program. For the 2 years of data col-
lected, only 1 percent of the annual rainfall erosion index occurred
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during May (standard deviation of 2 percent). Furthermore, 30 percent
occurred during June (standard deviation of 39 percent), 12 percent
occurred during July (standard deviation of 24 percent), 34 percent
occurred during August (standard deviation of 45 percent), and 23 per-
cent occurred during September (standard deviation of 23 percent).
Thus, the least erosive rainfall generally occurred during the months of
May and July. Using the rainfall erosion index distribution, an erosion
control planner can determine the percentage of the annual erosion index
likely to occur in any given month. This information, combined with a
knowledge of the expected monthly percentage of surface disturbance,
will allow the planner to more accurately predict sheet-rill erosion.
It should be noted, however, that the distribution only considers rain-
fall erosion; within interior Alaska it will be necessary to consider
snowmelt erosion as well.
6.3 Estimation of the Cover and Management Factor
The USLE has only recently been used to predict sheet-rill erosion
from nonagricultural lands. Thus, the value of the cover and management
factor has not been thoroughly studies in relation to many construction
activities. Sediment data collected at the Moose Creek Embankment
presented an opportunity to determine the cover and management factor
for three types of vegetative erosion control. This was accomplished by
using the sediment data to solve the equation for the C factor.
Values of the USLE parameters, as they relate to the Moose Creek
Embankment, are given in the following tables: soil loss in Table 4; the
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rainfall factor in Table 14; and the soil, topographic, and cover
factors in Table 15. A brief summary of the plot treatments is pre-
sented in Table 2, while a complete discussion of the plots is available
in Section 3.3.
As may be noted from a comparison of Tables 4 and 12, each year a
certain quantity of sediment was produced from storms too small to be
considered as contributing to the rainfall factor. This was to be
expected, and tends to compensate for other errors present when using
the USLE to predict annual soil erosion. However, on August 28, 1977
and on July 30, 1978 extremely large quantities of soil were eroded from
the plots, without a rainstorm of comparable ma9nitude being recorded.
Discussions with construction personnel confirmed that the rains were
localized and may not have occurred at the rain 9auge. Therefore, the
value of annual soil erosion used in computing the cover and management
factor included all of the sediment eroded from the plots, each year,
except for the two storms discussed above.
Cover and management factors were computed for both the 1977 and
the 1978 field seasons. Thus, the cover and management factor for plot
37 was 0.02 in 1977, while the C factor for plots 28 through 30 averaged
0.0020 (standard deviation of 0.0000). The C factor for plots 25
through 27, in 1977, averaged 0.0023 (standard deviation of 0.0015).
For the 1978 field season, the C factor for plot 37 was 0.06 and the
average C factor for plots 28 and 29 was 0.0028 (standard deviation of
0.0031). The 1978 C factor for plots 25 through 27 averaged 0.0047
(standard deviation of 0.0046). It was assumed that the value of the C
factor was due, not only to the vegetative treatment (i.e. application
of seed, mulch, etc.), but also to soil looseness from hauling topsoil
onto the site.
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In order to obtain a C factor that reflected just the vegetative
treatment, it was necessary to eliminate the effect of soil looseness.
Clyde et al. (1978) reported that loose soil to 12 inches, left rough,
has a C factor of 0.8. Thus, by dividing each of the calculated C
factors by 0.8, it was possible to estimate the C factor for the vege-
tative treatment alone. The computation yields a C factor equal to 0.03
for the seed-fertilizer treatment during 1977 and 0.07 for the treatment
during 1978. For the seed-straw mulch-willow-fertilizer treatment, the
average C factor becomes 0.0027 in 1977 and 0.0030 in 1978. The straw-
mulch-willow-fertilizer treatment yielded an average C value of 0.0027
in 1977 and 0.0053 in 1978. As discussed in Section 5.1.2, it is assumed
that the unrooted willow cuttings did not reduce soil erosion. There-
fore, the C factors reported above only reflect the effect of the grass,
straw mulch, and fertilizer.
These values are of particular interest when compared with the
values suggested in the literature. Clyde et al. (1978) reported that
C values for the above conditions are as follows: 0.64 for fresh seed
plus fertilizer, 0.54 for seed plus fertilizer after 6 months, 0.38
for seed plus fertilizer after 12 months, and 0.01 for straw mulch. In
almost every instance, the values calculated for the Moose Creek Embank-
ment data are substantially less than those reported by Clyde et al. In
the case of the straw mulch treatments, this can largely be explained by
noting that both treatments produced a similar density of live vege-
tative cover. Specifically, plots 28 through 30 produced a vegetative
cover from the planted seed, while plots 25 through 27 produced a cover
of weeds, apparently from seed in the mulch itself.
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If the C factor for seed is multiplied by the C factor for mulch
(Clyde et al., 1978) to produce a seed plus mulch factor, a value more
closely approximating the values calculated for the plot data is obtained.
Thus, where locally grown straw mulch and fertilizer are used to control
erosion, the C factor will be similar to that for seed, nonviable straw
mulch, and fertilizer. When combining erosion control treatments for
which a number of individual C values exist, it appears that the C value
of the treatment is equal to the product of the individual C values.
It should be noted that Clyde et al. (1978) suggest that the value
of the C factor decreases as the seed becomes established, while the
plot data seems to suggest the opposite. The reason for this discrep-
ency may involve the type of seed or the climatic conditions.
It should also be noted that because only half of each plot was
refertilized in 1978, it is impossible to state the exact conditions
governing the 1978 C factor values. Specifically, do the 1978 values
represent treatments refertilized in the second year or treatments left
unfertilized? The values are presented, therefore, only as a conser-
vative estimate of the effect of refertilization in the year following
the initial treatment. In general, it is possible that the C values
calculated were less than those reported by Clyde et al. due to an
overestimation of the K and LS factors, for reasons discussed in Section
2.3.2.
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CHAPTER 7: EROSION AT TIMBER HARVESTING SITES
ALONG THE PARKS HIGHWAY
It appeared that timber cutting itself created only very minor
erosion, but that skid trails and roads exhibited signs of moderate to
severe erosion when left unattended over a period of time (as short
as a year, in one instance). In general, little damage other than site
degradation (sometimes causing roads or skid trails to become impas-
sible) had been done by the erosion, since the logging in this area is
normally not in the vicinity of clear-water streams. However, sediment
was observed as far as a quarter mile from a disturbed area (Fox, 1978),
indicating the potential for sediment to travel a significant distance
from the site. Where water bars were used in skid trails, and culverts
with inside ditching were used in main haul roads, erosion appeared to
be minor even though the water bars and culverts were apparently placed
with no particular spacing requirements in mind. Thus, it appeared that
with only a minimum of effort, the major portion of erosion associated
with the timber harvesting activities observed could be controlled.
Finally, data collected at timber harvesting activities along the
Parks Highway, west of Fairbanks, made another estimate of the cover and
management factor possible. Using the nomographs presented in Figure 2
and the cover data presented in Table 16, it is suggested that the C
factor varies as follows. In areas where the trees have been harvested
with little or no damage to the soil surface, the C factor is about
0.002. For skid trails, where 3 to 15 percent of the ground cover has
been disturbed, a value of approximately 0.004 to 0.009 is suggested. A
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value of 1.2 to 1.3 is suggested for haul roads, based on values sug-
gested by Clyde et al. (1978) for compacted bulldozer scraped areas.
For logging decks, a value between 0.04 (as calculated for plot 1 during
1977) and 1.3 is suggested, while for undisturbed spruce-birch-aspen
Interior forests, a value of 0.002 is suggested. The above values are
presented only to offer the erosion control planner an estimate of the
magnitude of the cover and management factor.
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CHAPTER 8: SUMMARY
A review of the mechanics of soil erosion suggests some basic
principles that influence the success of an erosion control program.
Specifically, since soil erosion is limited by either soil detachment or
transport, erosion control programs that recognize and control the
limiting parameter will be the most effective. Where it is necessary
for forest harvesting activities to reshape the landscape, a reduction
in the transport capacity can be achieved by using concave rather than
uniform slopes. Where the organic content of the subsoil is less than
that of the surface soil, the soil detachment capacity can be limited
simply by preventing the exposure of subsurface soil. Using mulches or
establishing a vegetative cover limits both the detachment and transport
capacity of the rainfall and runoff.
In studying the magnitude of sheet-rill erosion within interior
Alaska, the geologic rainfall erosion rate for spruce-birch-aspen
forests was determined to be about 0.01 tons per acre per year. While
harvesting the trees had little effect on the erosion rate, stripping
all of the vegetative cover from the site produced 18 times as much
erosion. Hence, the increase in sediment yield often associated with
timber harvesting is probably related to construction activities which
expose substantial quantities of mineral soil, rather than to timber
harvesting per se. An average of all the rainfall erosion data col-
lected in this study indicated that, in general, 72 percent of the
annual rainfall erosion occured in a single storm.
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Measurements of sheet-rill erosion on a permafrost trail indicated
that only 0.03 tons per acre per year were eroded during the 1978 field
season. This was considerably less than was expected from a review of
the literature. Hence, erosion need not be extensive in permafrost
trails if care is taken to locate the trails across permafrost with a
low ice content, maintain surface cover, and prevent a concentration of
surface runoff.
In erosion control work, use of a grass-willow-straw mulch-fertil-
izer treatment reduced mean annual rainfall erosion by 98 percent from
that of a grass-fertilizer treatment. Use of a willow-straw mulch-
fertilizer treatment reduced erosion by 95 percent. An analysis of the
treatment means and variances, however, indicated that adding the seed
mixture to the locally grown straw mulch did not significantly reduce
erosion. Furthermore, it was hypothesized that the unrooted willow
cuttings did not contribute to a reduction in soil erosion and that an
application of straw mulch, fertilized in both the first and second
year, might be the most practical treatment. As demonstrated by the
erosion on a single motorcycle track, the benefits gained by an erosion
control treatment can be largely negated by uncontrolled off-road
vehicular traffic.
Analysis of the organic content in eroded soil indicated that,
while the proportion of organic matter decreased after surface cover
disturbance, the actual weight of eroded organic matter increased. Thus,
landscape manipulation influenced the ratio of organics to inorganics in
the eroded soil, but it did not decrease the amount of organic material
available to associated surface waters.
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Although it was impossible to determine a definite erosion rate
associated with snowmelt runoff, enough information was obtained during
1978 to determine that snowmelt erosion is important. Through an analy-
sis of the incomplete snowmelt erosion data, it was hypothesised that gO
percent of the annual erosion on the forested plot occurred during
snowmelt runoff. It was further suggested that 40 percent of the annual
erosion from a plot stripped of all vegetative cover occurred during
snowmelt runoff.
From a one-year study on five plots, the Universal Soil Loss Equa-
tion was found to overestimate the annual rainfall erosion by an average
of 21 percent. It was found to overestimate individual rainstorm ero-
sion by an average of 174 percent. Thus, the accuracy of the equation,
when used within interior Alaska, was similar to that reported for
annual estimates of erosion in the contiguous United States.
Finally, a number of cover and management factor values were sug-
gested for specific construction and forest management activities. For
construction, the following values of the C factor were suggested: (1)
0.03 for the first year after grass seed is planted and fertilized; (2)
0.0027 for the first year after locally grown straw mulch is applied and
fertilized; and (3) 0.0027 for the first year after grass seed is planted,
and nonviable straw mulch and fertilizer are applied. The following
values of the C factor were suggested for forest management activities:
(1 ) 0.002 for undisturbed spruce-birch-aspen interior Alaska forests;
(2) 0.002 for areas where the trees have been harvested with little or
no damage to the surface cover; (3 ) between 0.004 and and O.OOg where 3
to 15 percent of the ground cover has been disturbed, such as on skid
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trails; (4) between 0.04 and 1.3 for logging decks, depending on the
amount of soil compaction; and (5) between 1.2 and 1.3 for haul roads.
46
CHAPTER g: FUTURE RESEARCH NEEDS
This study offers the erosion control planner an indication of the
magnitude of erosion associated with landscape manipulation within
interior Alaska. Further, it demonstrates the usefulness of the Uni-
versal Soil Loss Equation in assessing the need for, and the effective-
ness of, erosion control programs. However, additional research is
needed to develop a sound basis for erosion control requirements and to
develop the most cost-effective programs.
The USLE only considers the amount of material eroded and does not
account for material deposited. Thus, a method of estimating sediment
yield should be developed. This is particularly important in order to
develop a rational method for determining the width of buffer strip
required between landscape disturbances and surface water. Traditionally,
estimating sediment yield has been accomplished with sediment delivery
ratios and gross estimates of erosion. Another approach involves the
development of a quantitative model to estimate the quantity of material
trapped by a buffer strip of a specified width, gradient, and vege-
tation. The combination of the USLE and such a model would allow the
necessary width of buffer strip to be determined on a case-by-case
basis. Unfortunately, the required width of buffer strip is often
determined by the political climate.
As determined in this study, snowmelt runoff may represent between
40 and gO percent of the annual sheet-rill erosion within interior
Alaska. Hence, modification of the USLE rainfall factor to include
snowmelt erosion would expand the versatility of the USLE considerably.
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One approach to such a modification has already been outlined by McCool
et a1. (1976), working in eastern Washington. Initial research might
begin by simply using plot studies to determine the suitability of this
modification.
To increase the usefulness of the USLE for erosion control planners,
it would also be desirable to develop a set of rainfall factor values
based on specific return periods. Obviously, it would be completely
unsatisfactory to design an erosion control program for merely the mean
annual erosion. By designing an erosion control program for a storm of
a given frequency of occurrence, an acceptable probability of failure
could be determined in advance according to project requirements.
Further research might also attempt to replace the rainfall factor
with a runoff factor. Since runoff is more directly related to erosion,
such a modification might allow more accurate prediction of the erosion
associated with individual rainstorms. A modification of this nature
would probably be based on a combination of the peak and total runoff
from a storm.
As noted in Section 2.3.2, soil containing more than 4 percent
organic matter was not considered in the development of the nomograph
(Wischmeier et a1., 1971) for determining the soil erodibility factor.
Due to the markedly different climatic conditions of interior Alaska,
however, a large number of the surface soils are expected to contain
more than 4 percent organic matter. For this reason, more research into
the effects of organic matter levels above 4 percent on sheet-rill
ersion is required.
As was also mentioned in Section 2.3.2, the topographic factor has
not been studied intensively on slopes above 20 percent. This is
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undoubtedly due to its past use being primarily on agricultural lands.
However, with the increased demand for an equation of this nature, it is
necessary to validate and/or modify the relationship currently used to
define the topographic effect. Analysis of the topographic factor is
particularly important since, as was mentioned in Section 2.2.3, it
accounts for one of the largest variations in soil erosion.
Development of cover and management factors for construction activ-
ities would be particularly well suited to a joint study with an analy-
sis of the methods of vegetative erosion control applicable to interior
Alaska. Considering the potential for future development within the
Interior, a study of the type outlined above would provide a timely
contribution to erosion control practice.
Although the list of research needs may seem overwhelming to the
casual observer, a well-designed program to study surface erosion could
answer many of the questions simultaneously. For instance, the effect
of buffer strips, the topographic factor, the rainfall factor, snowmelt
runoff, and the cover and management factor could all be studied simul-
taneously on large research plots of the type used in this study.
However, such a study is not for the faint of heart. A sincere com-
mitment to 5 or more years of studying the problem will be required to
answer the questions posed above. It was only after a similar effort
that the USLE was originally developed for agricultural lands.
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Figta'e 1: Nomograph for determining ·the soU erodibi li ty factor K in tons per aare per
inarement of rainfall erosion-index (After Wisahmeier et al., 1971).
III!!
57
Figure 2: Homographs for determin-;:ng the dimensionless cover and
management factOl' C (Aftei' fVischmeier, 1975),
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Procedure: Enter figures at
left with percent of ground
covered by canopy, percent
of soil surface covered by
mulch, and percent of root
network in topsoil relative
to good meadow; obtain fac-
tors for canopy cover, mulch
cover, and root network.
The canopy factor is then
multiplied by the percent
of bare ground and the pro-
duct subtracted from one.
Finally, the above value is
multiplied by the factors
for mulch effect and root
network, yielding the C
factor.
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Figure 3: Cumulative Rainfall.
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Figv~e 4: Plan of study site at the Caribou-Poker Creeks. Research
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Figure 5: Plot 1 at the Caribou-Poker Creeks Research watershed.
Figure 6: Plot 2 at the Caribou-Poker Creeks Research Watershed.
Figure 7: Plot 3 at the Ccu~bou-Poker Creeks Research Watershed.
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Figure 8: In situ soil gmdation for plots l, 2, and 3 at the Caribou-Poker Creeks
Research Watershed.
Figure 9: Plot 4 at the Caribou-Poker Creeks Research Watershed.
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Figure 10: In situ soiZ gradation for pZots 4 and 5 at the Caribou-Poker Creeks Research
ro/atershed.
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Figw'e 11: Plan of study site at the Moose Creek Embankment.
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Pigu:,oe 13: In situ soU gr>adation at the Moose Cr>eek Embanlonent.
Figure 14: Typical photograph from which percentage of
ground cover was determined. Photograph is
of plot 37 on June 26, 1978, in which it was
calculated that 54 percent of the ground was
covered.
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Pigupe 15: Gr'adatiol1 of eroded soi Z eoZZeoted at Moose Cl'eek Emba1'llo7lel1t PZot 37 011 August
30, 1978.
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TABLE 1: PERCENT ORGANIC MATTER OF IN SITU SOILS
Mean
Percent
Organic Standard Coefficient Number
Plot Matter of Deviation of of Range
Number In Situ (Percent) Variation Samples
Soil (Percent)
1 7.00 0.15 2.15 3 6.91-7.17
4 12.72 0.56 4.36 3 12.16-13.27
37 5.B3 0.44 7.53 3 5.32-6.08
73
Plot
Number
1
2
3
4 and 5
25, 26, and 27
2B, 29, and 30
TABLE 2: SUMMARY OF PLOT TREATMENTS
Description of Plot
Plot was stripped of all vegetation, leaving a
sparse cover of rock fragments over mineral soil.
Trees were removed from the plot, leaving a dense
cover of club moss and grass.
Plot was established in an undistrubed spruce-
birch-aspen forest.
Plots were established on churned up spagnum moss
in a trail across permafrost.
Plots were established on a steep embankment;
planted with unrooted willow cuttings, covered
with straw mulch, and fertilized.
Plots were established on a steep embankment;
planted with grass and unrooted willow cuttings,
covered with straw mulch, and fertilized.
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•TABLE 3: SOIL ERODED AT THE CARIBOU-POKER CREEKS
RESEARCH WATERSHED (tons/acre)
Date Plot 1 Plot 2 Plot 3 Plot 4 Plot 5
7-28-77 a
8-11-77 O.lOb
8-25-77 a
8-30-77 0.0022 0
9-9-77 0.020 0.00029
9-23-77 0.0088 0.00034
10-7-77 0.038 0.00040
TOTAL 1977 0.17 0.0010
5-1-78 a a
5-10-78 a a
5-25-78 a
5-30-78 0.0012c O.OOOl3c 0.0040c
5-30-78 0.0017 0.0014 0.0014
7-28-78 0.091 0.0037 0.0025
8-31-78 0.040 0.0011 0.0024
9-27-78 0.015 0.00097 0.0015 0.03d 0.02d
TOTAL 1978 0.149 0.0072 0.0080 0.03 0.02
a) Data collection began.
b) The sediment valve has been adjusted according to the portion of
the catchment basin which remained in contact with the ground
surface during the storm.
c) Represents wind blown sediment only, and is not included in the
yearly total.
d) Catchment basin was emptied only once, at the end of the season.
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TABLE 4: SOIL ERODED AT THE MOOSE CREEK EMBANK1"EIiT (tons/acre)
Oate Plot 37 Plot 30 Plot 29 Plot 2B Plot 27 Plot 26 Plot 25
5-24-77 a a a a a a a
6-27-77 O. ]b 0.03b 0.03b 0.02b O.OSb 0.02b O.Olb
7-22-77 0.1 0.003 0.003 0.003 0.003 0.004 0.002
B-8-77 0.02 0.002 0.002 0.002 0.002 0.001 0.0006
B-2B-77 7 0.04 0.02 0.04 O.OOB 0.02 0.03
9-10-77 0.007 0.003 0.003 0.0008 O.OOOS 0.001 0.0005
9-17-77 O.OOB 0.0003 0.0006 0.0005 0.0003 0.0007 0.0005
9-24-77 0.005 0.0001 0.0002 0.00009 0.0001 0.0003 O.OOOOOS
10-1-77 0.05 0.001 O.OOOS 0.0007 0.0007 0.0006 O.OOOB
TOTAL 1977 7 0.08 0.06 0.07 0.07 0.05 0.04
5-1-78 a a a a a a a
5-29-78 0.02c O.OOBc 0.007c 0.008c O.OOBc 0.005c 0.006c
S-29-7B 0.01 0.005 0.004 0.004 0.003 0.001 0.001
7-30-78 10 4e 0.09 0.4 0.4 2 0.4
8-30-78 1d 0.3e 0.01 0.1 0.03 0.2 0.04
9-28-78 O.OOSd O.OooSe 0.0004 0.0003 0.0005 0.0004 0.0004
TOTAL 1978 10 4 0.1 0.5 0.4 2 0.5
a) Data collection began.
b) Sediment value has been corrected according to the portion of the lip tha t rema i ned In
contact with the ground surface during the storm.
c) Represents wind blown sediment only and is not included in the yearly total.
d) A motorcycle track throu9h the plot diverted runoff and sediment from 36 percent of the plot;
the data was corrected accordingly.
eJ A motorcycle track was made straight up the plot from the catchment basin.
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TABLE 5: MEAN PERCENT GROUND COVER AT THE
CARIBOU-POKER CREEKS RESEARCH WATERSHED
Date Plot 1 Plot 2 Plot 3 Plot 4 Plot 5
9-23-77 24 100
5-30-78 39 84 100
6-30-78 41 98 100
7-28-78 38 98 100 69 82
8-31-78 59 99 100
9-27-78 73 100 100
TABLE 6: MEAN PERCENT CANOPY COVER AT THE
CARIBOU-POKER CREEKS RESEARCH WATERSHED
•
Date Sample Collected
8-18-77
5-30-78
6-30-78
7-28-78
8-31-7B
9-27-78
77
Plot 3
61
51
82
83
80
31
TABLE 7: MEAN PERCENT GROUND COVER AT THE MOOSE CREEK EMBANKMENT
Date Plot 37 Plot 30 Plot 29 Plot 28 Plot 27 Plot 26 Plot 25
8-18-77 55 99 100 99 97 99 98
5-29-78 47 86 92 91 86 81 85
6-26-78 67 88 99 97 98 94 98
7-31-7B 54 97 96 97 96 97 97
8-30-78 70 90 96 94 92 88 93
9-28-78 61 92 81 88 88 76 78
"CD
1
--------~j
TABLE 8: MEAN SOIL ERODED FROM REPLICATES AT THE MOOSE CREEK EMBANKMENT
PLOTS 30, 29, 28a PLOTS 27, 26, 25
Standard Coefficient Standard Coefficient
Date Mean Deviation of Variation Mean Deviation of Variation
(tons/acre) (tons/acre) (Percent) (tons/acre) (tons/acre) (Percent)
-
6-27-77 0.D25 0.0023 9.0 0.029 0.023 77
7-22-77 0.0027 0.00023 8.0 0.0026 0.00093 36
8-8-77 0.0017 0.00026 15 0.0011 0.00048 44
.....
\0 8-28-77 0.035 0.014 40 0.021 0.012 57
9-10-77 0.0021 0.0011 54 0.00078 0.00037 48
9-17-77 0.00048 0.00016 34 0.00052 0.00020 38
9-24-77 0.00014 0.000056 40 0.00015 0.00015 110
10-1-77 0.00087 0.00038 44 0.00065 0.000095 150
MEAN 1977 0.068 0.056
6-29-78 0.0036 0.000076 2.0 0.0020 0.0012 62
7-30-78 0.25 0.23 89 0.79 0.64 81
8-30-78 0.060 0.069 120 0.084 0.084 100
9-28-78 0.00034 0.00013 37 0.00043 0.000046 11
MEAN 1978 0.31 0.88
a) Due to vandalism, only plots 28 and 29 were averaged for the 1978 field season.
TABLE 9: MEAN PERCENT GROUND COVER FROM REPLICATES AT THE t400SE CREEK EMBANKMENT
PLOTS 30, 29, 28a PLOTS 27, 26, 25
Standard Coefficient Standard Coefficient
Date Mean Deviation of Variation Mean Deviation of Variation
(Percent) (Percent) (Percent) (Percent) (Percent) (Percent)
8-18-77 99 0.58 0.58 98 1.0 0.01
5-29-78 92 0.71 0.78 84 2.7 3.2
6-26-78 95 5.9 6.2 97 2.3 2.4
7-30-78 97 0.58 0.60 97 0.58 0.60
8-30-78 93 3.1 3.3 91 2.7 2.9
CXl
0 9-28-78 87 5.6 6.4 81 6.4 8.0
a) Due to vandalism, only plots 28 and 29 were averaged for the 1978 field season.
I
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•TABLE 10: PERCENT OF SEDIMENT WEIGHT LOST ON IGNITION- -
CARIBOU-POKER CREEKS RESEARCH WATERSHED
Date Plot 1 Plot 2 Plot 3 Plot 4 Plot 5
5-30-78 19a 70. a 71 a
6-30-78 15 41 58
7-28-78 11 62 63
8-30-78 15 54 67
9-27-78 28 77 77 50. 64
MEAN 17 59 66
a) Represents wind blown sediment only, and is not included in the
mean.
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TABLE 11: PERCENT OF SEOIMENT WEIGHT LOST ON IGNITION- -
MOOSE CREEK EMBANKMENT
Date Plot 37 Plot 30 Plot 29 Plot 28 Plot 27 Plot 26 Plot 25
5-29-78 6.1 a 6.4a 14a 14a 3.9a 14a lla
6-29-78 3.3 4.9 8.2 4.6 3.2 6.9 13
7-30-78 2.3 2.7 5.1 3.9 4.4 4.1 4.8
8-30-78 2.2 2.8 8.9 5.1 6.0 3.2 7.3
9-28-78 3.5 2B 26 18 19 24 7.7
MEAN 2.8 10. 12 8.0 8.0 10. 8.0
00
N
a) Represents wind blown sediment only, and is not included in the mean.
•TABLE 12: MEAN 1978 FACTOR VALVES FOR THE UNIVERSAL
SOIL LOSS EQUATION - - CARIBOU-POKER CREEKS
RESEARCH WATERSHED
Predicted Cover and
Plot Soila Soil b Topo9raphic Management
Number Loss Factor Factor Factor
1 0.13 0.41 2.43 0.032
2 0.012 0.41 2.43 0.0030
3 0.0079 0.41 2.21 0.0022
4 0.031 0.42 0.82 0.023
5 0.035 0.42 1.92 0.011
a) Expresses in tons per acre.
b) Expressed in tons per acre per increment of erosion index.
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TABLE 13: RAINFALL AT THE CARIBgU-POKER CREEKS
RESEARCH WATERSHED
Date Kinetic Maximum Rai nfa 11
Rainfall Total Ener9Y c 30 Minuted Erosion Rainfall
Ended Rainfall b of Storm Intensi ty Indexe Factore
f6-2-77
6-18-77 0.68 410 0.44 180 1.8
8-6-77 0.71 400 0.30 120 1.2
9-8-77 0.80 430 0.18 78 0.78
9-14-77 0.54 220 0.10 22 0.22
9-26-77 2.42 1300 0.18 240 2.4
TOTAL 1977 640 6.4
f4-1-78
6-24-78 0.65 240 0.10 24 0.24
7-12-78 0.53 380 0.50 190 1.9
8-22-78 1. 28 610 0.12 73 0.73
9-6-78 0.68 350 0.18 64 0.64
9-25-78 0.95 450 0.10 45 0.45
TOTAL 1978 396 4.0
a) Only storms of 0.5 inches or more of rainfall are considered.
b) Expressed in inches.
c) Expressed in foot-tons per acre.
d) Expressed in inches per hour.
e) Expressed in foot-tons per acre times inches per hour.
f) Data collection be9an.
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•TABLE 14: RAINFALL AT THE MOOSE CREEK EMBANKMENTa
Date Kinetic Maximum Rainfall
Rai nfall Total Energy c 30 Minuted Erosiog Rainfall
Ended Ra i nfa11 b of Storm Intensity Index Factore
f5-1-77
5-31-77 0.55 270 0.12 32 0.32
6-13-77 1.05 640 0.40 260 2.6
6-15-77 0.50 360 0.58 210 2.1
6-18-77 0.90 580 0.40 230 2.3
9-8-77 0.79 380 0.14 53 0.53
9-26-77 0.76 320 0.12 38 0.38
TOTAL 1977 823 8.2
f5-1-77
8-5-77 1. 01 810 1.44 1200 12
TOTAL 1978 1200 12
a) Only storms of 0.5 inches or more of rainfall are considered.
b) Expressed in inches.
c) Expressed in foot-tons per acre.
d) Expressed in inches per hour.
e) Expressed in foot-tons acre times inches per hour.
f) Data collection began.
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TABLE 15: MEAN 1977 AND 1978 FACTOR VALUES FOR THE UNIVERSAL
SOIL LOSS EQUATION - - MOOSE CREEK EMBANKMENT
1977 1978 1977 1978
Cover and Cover and Cover and Cover and
Plot Soil Topographic Management Management Management Management
Number Factora Factor Factorb Factorb Factor FactorC
37 0.24 8.55 0.02 0.06 0.03 0.07
30 0.24 8.23 0.002 0.02 0.003 0.02
29 0.24 8.76 0.002 0.0006 0.003 0.0008
28 0.24 8.74 0.002 0.005 0.002 0.006
27 0.24 8.68 0.004 0.002 0.005 0.003
26 0.24 8.70 0.002 0.01 0.002 0.01
<lo
Cl"l 25 0.24 8.68 0.001 0.002 0.001 0.003
a) Expressed in tons per acre per increment of erosion index.
b) Includes the effects of both cover and soil looseness.
c) Includes only the effects of cover.
TABLE 16: MEAN PERCENT GROUND COVER ASSOCIATED WITH TIMBER
HARVESTING ALONG THE PARKS HIGHWAY
Mean Coefficient Number
Acti vity Percent Standard of Range of
Cover Deviation Variation Samples
(Percent) (Percent)
Timber Harvest 100 0 0 5
Main Haul Roads 16 14 B5 2-48 9
Skid Trails 90 5 5 85-97 6
Log Decks 18 16 86 7-29 2
-00
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